Introduction
Chronic hepatitis C infection is a major global health problem and an important cause of morbidity and mortality from sequelae such as liver cirrhosis and HCC. [1] [2] [3] [4] It has been estimated that, globally, 27% of cirrhosis and 25% of HCC cases develop in HCVinfected people. 5 In patients with HCV-related cirrhosis, the annual incidence rates of developing hepatic decompensation and HCC are 3.9% and 1.4%-8%, respectively. 4, 6, 7 The main goals of therapy in patients with HCV-related cirrhosis are to eradicate HCV, improve liver histologic activity, and reduce fibrosis. In addition, several submit your manuscript | www.dovepress.com
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hu et al studies have shown that chronic HCV infected patients with advanced fibrosis achieving SVR after IFN-based therapy have reduced risks of developing liver decompensation, HCC, and liver-related mortality. [8] [9] [10] [11] [12] [13] Therefore, although these patients are considered to be a difficult-to-treat population with less tolerability and poor therapeutic responses to pegIFN and PBV therapy, they could still benefit from the treatment with a lower risk of HCC, liver disease progression and liver-related complications. 14, 15 There are several risk factors associated with HCC development in CHC patients with advanced fibrosis, including male gender, older age at treatment initiation, HCV genotype 1b, low serum albumin and high serum total bilirubin levels, low platelet counts, and presence of esophageal varices. 2, 11, [16] [17] [18] However, another report demonstrated a controversial result that achievement of SVR after IFN-based therapy did not influence the rate of HCC development. 19 Combination therapy with pegIFN plus RBV has greatly improved the rate of SVR compared to conventional IFN with and without RBV and is the standard treatment strategy for chronic HCV infection before the introduction of DAAs. [20] [21] [22] However, only a few studies have been focused on the influence of the pegIFN and RBV therapy on HCC development in CHC patients with advanced fibrosis. 11, 18, 19 Besides, there was no report regarding the assessment of HCC risk score of those advanced fibrotic CHC patients after pegIFN and RBV therapy. We therefore conducted this study to evaluate the predictors on HCC development and to develop a simple risk score model for HCC prediction in advanced fibrotic chronic hepatitis C patients after pegIFN and RBV therapy.
Patients and methods Patients
This study was conducted at our institute between October 2003 and November 2016. There were in total 271 patients with biopsy proven chronic HCV infection with advanced fibrosis enrolled into the study (Figure 1 ). Chronic hepatitis C infection was defined as seropositive for anti-HCV and HCV RNA for more than 6 months. Clinical and demographic data were recorded within three months before the initiation of therapy. The degree of hepatic inflammation and fibrosis was graded using an Ishak modified scores and read by a single pathologist. Advanced fibrosis and cirrhosis were defined as a fibrosis score $4 and $5 on the Ishak modification of histologic activity index. The diagnosis of type 2 diabetes was based on a value of fasting glucose $126 mg/dL on at least two occasions or ongoing hypoglycemic agent treatment. 23 All patients received and completed the pegIFN plus RBV therapy for 24 or 48 weeks according to the reimbursement policy of the National Health Insurance in Taiwan. The prescribed types of pegIFNs were pegIFN-α-2a (180 μg) or weight-based pegIFN-α-2b (1.5 μg/kg). For genotype1b-HCV-infected patients with body weight ,75 kg, the oral RBV dose was 1,000 mg per day and for those with body weight $75 kg, 1,200 mg per day. For genotype non1b-HCV-infected patients, the RBV dose was 800 mg per day. All patients were followed up for 24 weeks after the completion of treatment. RVR was defined as undetectable serum HCV RNA by using PCR at the end of week 4 of therapy. SVR was defined as achievement of undetectable serum HCV RNA by using PCR at the end of treatment that was sustained after the end of six-month follow-up. A non-responder had terminated the treatment course before week 16, and was excluded from our study. We also excluded patients with HCC diagnosed before treatment initiation or within 6 months after the end of therapy, concurrent hepatitis B virus or human immunodeficiency virus infection, toxic hepatitis, autoimmune hepatitis, primary biliary cirrhosis, Wilson's disease, or hemoglobinopathies. Written informed consent was obtained from all patients enrolled in this study. 
Laboratory test
Anti-HCV tests were conducted using a third-generation enzyme immunoassay kit (AxSYM ® HCV Version 3.0; Abbott Laboratories, Abbott Park, IL, USA). Serum HCV RNA was quantified using a real-time polymerase chain reaction (PCR) assay (COBAS ® AmpliPrep Instrument and COBAS TaqMan ® 48; Hoffman-La Roche Ltd, Basel, Switzerland), with a detection limit of 15 IU/mL. HCV genotyping was determined using a linear probe assay (VERSANTTM HCV Genotype Assay [LiPA]; Bayer AG, Leverkusen, Germany).
Follow-up and assessment of hCC development
The observation duration was started from the date of the end of six-month follow-up after the pegIFN and RBV therapy to the date of HCC diagnosis, last-visit or death of the patient. During the observation period, patients with and without liver cirrhosis returned to the clinic every three and six months 
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Simple score to predict HCC in HCV with advanced fibrosis for liver biochemistry and liver ultrasonography study. If a liver tumor was suspected by ultrasonography study, further examination was arranged for HCC confirmation. The HCC was diagnosed based on histopathology or two image studies, such as dynamic liver computed tomography or magnetic resonance imaging with typical arterial enhancement, or one image study plus elevated serum AFP level of more than 400 ng/mL. 24 
Statistical analysis
Continuous variables were expressed as mean±standard deviation. All variables were tested for normal distribution using the Kolmogorov-Smirnov test. The Student's t-test was used to compare the means of continuous variables and normally distributed data, otherwise the Mann-Whitney U test was used. Categorical data were tested using the chi-square test.
Finally, risk factors were assessed by univariate Cox regression analysis, and variables that were statistically significant (P,0.05) were included in multivariate analysis by applying a multivariate Cox regression based on forward elimination of data. Calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test to compare the number of observed and predicted events in risk groups for the entire range of HCC probabilities. Discrimination was assessed by AUROC. The AUROCs were compared using a nonparametric approach. AUROC analyses were also used to calculate cutoff values, sensitivity, specificity, and overall correctness. Finally, cutoff points were calculated by acquiring the best Youden index (sensitivity + specificity -1). Cumulative survival curves as a function of time were generated using the Kaplan-Meier approach and compared by log-rank test. All statistical tests were two-tailed, with P-values ,0.05 being considered as 
Results
Subject characteristics
Baseline demographic and clinical characteristics of non-HCC and HCC patients are shown in Table 1 . Total 271 patients receiving pegIFN and RBV therapy were enrolled into this study. The median observation duration was 6.0 years (range: 0.9-12.6 years). SVR developed in 57.6% of patients. The overall HCC prevalence of the entire population after pegIFN and RBV therapy was 22.1% (60/271). The mean age of the patients at initiation of therapy was 57.5±10.3 years, with 128 (47.2%) being men. Patients with HCC development after pegIFN and RBV treatment were significantly older at initiation of therapy, had higher pretreatment serum aspartate aminotransferase to alanine aminotransferase ratio, total bilirubin, AFP levels, and higher frequency of liver cirrhosis. Those patients with HCC also had lower pretreatment serum albumin levels, platelet counts, and lower frequency of SVR.
Fewer patients with fatty liver and diabetes at initiation of therapy developed HCC after completion of pegIFN and RBV treatment. The mean pretreatment aspartate and alanine aminotransferase level, HCV RNA viral load, and percentage of HCV genotype 1b and male gender, treatment duration, and types of pegIFN (2a vs 2b) prescribed were similar between the non-HCC and HCC patients.
Predictors of hCC
In univariate Cox regression analysis, several clinical factors, including age, serum albumin, aspartate aminotransferase to alanine aminotransferase ratio, total bilirubin, platelet count, AFP, SVR, cirrhosis, fatty liver and diabetes were identified to be significantly associated with HCC development (Table 2) . ROC curve analysis showed that 59.5 years at initiation of therapy was the best cutoff point to discriminate among HCC and non-HCC occurrence (AUROC: 0.663±0.038, P,0.001). The cutoff points of pretreatment total bilirubin level and platelet count to predict HCC development were 1.1 mg/dL (AUROC: 0.659±0.043, P=0.001) and 146.5 × 10 3 /μL (AUROC: 0.652±0.043, P=0.001). Then we divided the age at initiation of therapy, pretreatment total bilirubin levels and platelet counts into two separate groups according to the cutoff points determined by the ROC curves. In multivariate analysis, the three categorical factors and the rest of the significant factors in univariate analysis were entered in the final stepwise regression analysis. Multivariate Cox regression showed age $59.5 years old simple score to predict hCC Then we used the five significant independent categorical predictors in multivariate Cox regression to form a new simple score for HCC prediction. We assigned patients with age ,59.5 years old at initiation of therapy 0 point and age $59.5 years old at initiation of therapy 1 point; pretreatment total bilirubin ,1.1 mg/dL 0 point and total bilirubin $1.1 mg/dL 1 point; pretreatment platelet count $146.5×10 3 /μL 0 point and platelet count ,146.5× 10 3 /μL 1 point; presence of diabetes at treatment initiation 0 point and no diabetes at treatment initiation 1 point; and post-treatment SVR 0 point and post-treatment non-SVR 1 point. The simple score equaled the sum of points of these five variables. The simple score had a cutoff point of 2.5 by the ROC curve to predict HCC (Table 3 ). The sensitivity, specificity and overall correctness were 78.5%, 57.5% and 62.2%, respectively. The AUROC of the simple score was 0.774±0.035 (P,0.001) (Figure 2 ). Cumulative HCC incidence differed significantly (P,0.001) in advanced fibrotic CHC patients with simple scores #2 versus simple scores $3 ( Figure 3 ). The 5-year and 10-year cumulative incidence of 
Discussion
In this study, we developed a simple scoring system using commonly available clinical and laboratory parameters to predict the risk of HCC development after pegIFN and RBV therapy in previous non-HCC CHC patients with advanced fibrosis. The simple scoring system only included 5 clinical factors, including pretreatment age, serum bilirubin levels, platelet counts, presence of diabetes at treatment initiation and achievement of SVR, which was easier to use in the clinical setting. Patients with a score $3 had significant higher risk of HCC development. The 10-year cumulative incidence of HCC was 44.6%. In contrast, only 10.0% of patients with a score #2 developed HCC at 10 years. A surveillance program in advanced fibrotic CHC patients after pegIFN and RBV therapy could be scheduled respectively according to high or low risk scoring. Advanced fibrosis has been considered a strong negative predictor for SVR in pegIFN and RBV combination treatment. There has been a lot of debate on the use of this combination therapy to treat CHC patients with advanced fibrosis, because of a high frequency of adverse effects, a high rate of treatment discontinuation, and decreased SVR. Previous reports have shown that an overall SVR rate for patients with advanced fibrosis is 24%-52%. 21, 22, 25 There were also several clinical adverse effects that developed during therapy, including pruritus (40%), malaise (36%), anemia (31%), insomnia (29%), anorexia (28%), dizziness (27%), thrombocytopenia (26%), fever (23%), dyspnea (23%), and myalgia (23%) in our study. However, several studies have demonstrated that CHC patients with advanced fibrosis achieving SVR after IFN-based therapy have reduced risks of developing liver decompensation, HCC, and liver-related mortality. [8] [9] [10] [11] Moreover, a large proportion of patients in those studies received conventional IFN rather than pegIFN. Our study enrolled only pegIFN and RBV treated CHC patients with advanced fibrosis and showed that the combination therapy decreased the risk of HCC occurrence significantly. In our present study, SVR developed in 57.6% of patients. However, in those sustained responders, the risk of HCC could not be fully eliminated after pegIFN and RBV therapy. There were 23 (14.7%) patients with SVR who developed HCC during follow-up. The sensitivity and specificity of non-SVR to predict HCC were 61.7% and 63.0% with an AUROC: 0.623 (P=0.004), which were lower than the simple score with cutoff point: 2.5 (AUROC: 0.774; P,0.001, sensitivity: 81.3%, specificity: 57.5%). Therefore, the simple score $3 was a much better predictor to predict HCC development after pegIFN and RBV therapy and those patients with simple score $3 should be closely followed for HCC surveillance.
Liver cirrhosis at treatment initiation has been shown to be a significant predictor for HCC occurrence in CHC patients treated with IFN-based therapy or DAAs. Years Cumulative HCC incidence rate (%) 10 12
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Our study also showed that more HCC patients had cirrhosis at treatment initiation. However, the discrimination between severe bridging fibrosis (Ishak modified fibrosis score 4) and cirrhosis (Ishak modified fibrosis score 5-6) disappeared after adjustment for other risk factors in the multivariate Cox regression analysis. Serum AFP measurement was frequently used for HCC surveys because it is inexpensive, simple to perform, and commonly available. Our report as well as previous studies have also shown that an elevated serum AFP level was a significant predictor of HCC development in CHC patients. 2, 16, 28 Although the patients with HCC had higher pretreatment serum AFP levels than those without HCC in the present study, we found the serum AFP level was not a predictor for HCC development in advanced fibrotic CHC patients. In addition, AFP alone was not recommended for HCC survey because of its low sensitivity and specificity for detecting HCC. At a serum cutoff level of 20 ng/mL, AFP has low sensitivity ranging from 25% to 65% for detecting HCC. 29 Moreover, only one third of patients with HCC had elevated serum AFP levels higher than 100 ng/mL. 30 Hu et al showed an association between serum AFP levels and liver disease activity, suggesting that AFP production was increased during liver necroinflammation. 31 AFP elevation was also noted in patients with advanced chronic hepatitis C without evidence of HCC. [31] [32] [33] [34] Our advanced fibrotic patients with HCC had higher AST to ALT ratio, representing a more prominent liver necroinflammation, and may thus have resulted in more elevated serum AFP levels.
Diabetes has been shown to impair the treatment response to IFN-based therapy and increase the HCC risk in noncirrhotic CHC patients treated with IFN-based therapy. [35] [36] [37] [38] In contrast to those reports, our study found that presence of diabetes at treatment initiation was a predictor of reduced HCC risk in advanced fibrotic CHC patients. The possible explanation for this conflicting result was that in the study of Hung et al, 38 the diabetic patients were significantly older in age, and had higher fibrosis scores, and lower platelet counts and SVR rates than those of the non-diabetic patients. These factors may mask the protective influence of diabetes. Conversely, the baseline clinical factors and achievements of SVR rate between the diabetic and non-diabetic patients were similar in our present study (62.9% vs 56.0%; P=0.333). An increase of SVR rate in diabetic patients may provide an increased benefit in HCC prevention. Interestingly, 82% (51/62) of the diabetes patients had been treated with metformin. Previous studies have shown the use of metformin was associated with a significant reduction of HCC risk compared with the use of other hypoglycemia agents. 39, 40 The use of metformin may be associated with reduced risk of HCC in our present study. The conflicting data might also be associated with different patient data collection and more careful diet control, resulting in less hepatotoxin exposure in diabetic patients.
Previous reports have shown the HCV genotype 1b was associated with higher risk of HCC. 17, 41 In the present study we did not find a significant difference of HCC risk between advanced fibrotic CHC patients with HCV genotype 1b and non-1b. IFN has also been considered to have anticarcinogenic activity in addition to its antiviral effect to decrease the risk of HCC. 42 However, the treatment duration (48 weeks vs 24 weeks) or types of pegIFN prescribed in our study did not influence the rate of HCC development. From previous studies, the contribution of gender to the risk of HCC development is controversial. 17, 38, 41, 43 Our study found that gender was not a risk factor for HCC occurrence in CHC patients with advanced fibrosis.
Conclusion
The simple score has a better discriminatory power for HCC prediction in CHC patients with advanced fibrosis. SVR after pegIFN and RBV therapy could reduce the risk of HCC in those patients. However, the risks of HCC still remained after achieving SVR, especially in those with a score $3, who should be intensively followed for HCC surveillance. For high-risk patients who failed the pegIFN and RBV therapy, more aggressive treatment with DAAs to eradicate the virus should be considered in order to reduce the risk of HCC.
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